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Abstract
Soybean is considered one of today’s most important crops. Planted on millions
of hectares worldwide, the management of soybean pests usually requires large
amounts of chemicals. However, a key component to meet the increasing demand
for food due to the rapidly growing global population is protecting crops from pests
while maintaining environmental quality through ecologically and economically
sound integrated pest management (IPM) practices. Not only can IPM result in more
profitable agriculture due to the reduction of pest control costs but also assures equitable, secure, sufficient, and stable flows of both food and ecosystem services. Despite those ecological and economic benefits, the vast areas of cultivated soybean
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as well as the convenience of spraying insecticides are encouraging the adoption
of prophylactic pest control as a relatively inexpensive safeguard compared to IPM
practices. Thus, in this forum, we discuss the reasons for soybean IPM not reaching its potential. We give examples of how we can revive this once successful pest
management program with a focus on experiences in Brazil and the USA. We analyze IPM case studies to illustrate the need for growers to have easy and fast access to IPM information on its medium- and long-term benefits. Overall, this forum
highlights the importance of IPM for agricultural sustainability including ecological and financial benefits.
Keywords: sustainability, insecticides, economic thresholds, crop management,
food security

Historical Background of Soybean Integrated Pest Management
The global concept of integrated pest management (IPM) was established in the late 1950s. It is based on the idea that cultivated plants
can tolerate certain levels of injury without economically relevant
yield losses (Higley & Peterson 1996). Stern et al (1959) defined the
economic injury level (EIL) as the lowest pest density that can cause
economic damage to plants. However, to avoid economic losses, pest
management is usually applied before the EIL is reached. Thus, the
appropriate time to initiate management to prevent a pest population
from reaching the EIL was defined as the economic threshold (ET)
(Pedigo et al 1986). According to this concept, pest management would
only be appropriate when the pest population is equal to or greater
than the ET, or is expected to surpass this level within hours or days.
Action must be taken when ET is reached, not because that density
represents an economic loss, but rather because it provides a treatment window to take action before pest density or injury increases
enough to produce an economic loss (Peterson & Higley 2002). Therefore, the ET is often set 50 to 80% lower than the EIL, giving farmers the confidence to adopt such ETs with negligible risks of economic
yield loss. The development and use of ETs in association with simple
and efficient pest sampling methods have been among the most important components for the advancement of pest science into what is now
known as modern IPM (Higley & Pedigo 1996). Modern IPM is crucial
to a sustainable agriculture, avoiding the unnecessary use of synthetic
pesticides. Not only does modern IPM include a rational use of pesticides through ET adoption, but it is also a harmonious combination
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of different pest management strategies, such as the use of resistance
crops, augmentative biological control (ABC), biotechnology, among
others (Kogan 1998). Each of these strategies may provide a different
level of pest management, but their additive effects can significantly
reduce yield losses (Dara 2019).
In Brazil, soybean IPM was first adopted in the late 1960s and early
1970s. At that time, soybean, Glycine max (L.) Merrill, became the major commodity in the country, expanding agricultural frontiers from
the subtropics to the tropics. Today, soybean is the largest crop in Brazil, with close to 36 million of hectares. Land use can be intensive,
with some fields cropped two or even three times per season, usually with soybean as the first crop in summer, followed by maize as
the second crop in autumn/winter, and eventually wheat as the third
crop. Together, soybean and maize account for more than 80% of the
total cultivated area and 85% of the grain production in Brazil (Cattelan & Dall’Agnol 2018).
As soybean production expanded over the years, there was a growing need to manage the newly established insect pests. Despite the
large diversity of pest species that damage soybean, Lepidoptera and
Heteroptera have always been the primary taxa and have required large
investments by Brazilian farmers to protect yield. Hazardous broadspectrum chemicals (e.g., DDT, toxaphene, methyl parathion, methomyl) were used to control these pests. Initially, results were acceptable,
but soon those chemicals showed their deleterious side effects, such as
pest resurgence caused by their impact on natural enemies (parasites/
predators) (Panizzi et al 1977a). At that time, the concepts of IPM were
just starting to become popular worldwide (Kogan 1998).
Locally, IPM concepts were quickly distributed and incorporated
into soybean cultivation. Regional reports based on international concepts introduced by foreign researchers visiting Brazil were published,
but with limited reach (Williams et al 1973, Turnipseed 1974). Greater
impact on a national level was achieved by distribution of a bulletin
that contained color photos of major pests and their natural enemies,
which helped to popularize the IPM concepts. This process was led by
entomologists at the National Soybean Research Center of Embrapa
(Embrapa Soja) in collaboration with visiting scientists from the USA
(Panizzi et al 1977b). In the same year, Kogan et al (1977) publicized
the Brazilian IPM experience in the international arena.
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A more general and inclusive view of the history of soybean IPM
in Brazil was provided by Panizzi (2013), who identified four major
periods: (1) origins and early developments during the 1970s, (2) the
Baculovirus era during the 1980s, (3) the egg parasitoid momentum
in the 1990s, and (4) the decline in soybean IPM in the new millennium. These four periods elucidate (1) the onset and fast adoption of
IPM programs by academia and growers with massive (ca. 50%) reduction in the use of insecticides (Godoy et al 2015); (2) the biological control of the major defoliator pest, the velvet bean caterpillar,
Anticarsia gemmatalis Hübner; (3) the appearance and increasing importance of the egg parasitoid Trissolcus basalis (Wollaston) for the
management of the major stink bug pest, Nezara viridula (L.); and (4)
the decline in reputation and use of IPM as the main tool in managing soybean pests.
The USA is also a major soybean producer, with 30 to 36 million
hectares each year from 1997 to 2018 (USDA NASS 2018). Grown primarily in the eastern half of the country, over 80% is produced in 12
states in the north-central region of the country. In the USA, IPM has
also been recognized to be important to environmentally sustainable
agriculture for decades. First expressed in national policy in the 1970s
(Nixon 1972, Carter 1979), IPM is now institutionalized and supported
by the federal government on national, regional, and state levels by
measures such as research grant programs, information dissemination, and IPM training through local extension offices.
Steffey (2015) lists about 40 species or species complexes of arthropods as soybean pests in the USA, half of which are considered significant economic pests, the other half classified as occasional pests.
Some can cause damage to germinating plants and seedlings starting
early in the production cycle, with pests like the seedcorn maggot, Delia platura (Meigen) (Higley & Hammond 1994) and the bean leaf beetle, Cerotoma trifurcata Förster (Hunt et al 1994). In late season, other
pests become important, such as the stink bug complex (Pentatomidae) (Greene & Davis 2015). Some economically damaging pest species
are widely distributed across the country, other species are relatively
localized, and some widely distributed pests are only of economic importance in some areas (Kogan & Turnipseed 1987, Steffey 2015). Generally, there are more economically damaging soybean arthropod pest
species and subsequent insecticide application in the southern than
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in the north and north-central United States (Way 1994, Hammond
2006), where most of the production takes place.
In the USA, soybean arthropod pest pressure was relatively low in
the north-central region prior to the early 2000s, and consequently,
insecticide use was low (USGS 2018). Before 2000, states in the northcentral region typically reported < 1% of their soybean acreage being treated with an insecticide (USDA NASS 2018), if any at all, and
management was directed primarily at localized outbreaks of defoliating insects (Ragsdale et al 2011). For example, in 2000, < 0.1% of
the soybean acreage in the north-central region was treated for arthropod pests (USDA NASS 2018). In the early 2000s, things changed,
primarily because of an introduced pest, the soybean aphid (Aphis glycines Matsumura) (Ragsdale et al 2011), but also because of improved
pesticide seed treatment technology and changes in farmers’ perceptions and agronomic realities, which seemingly “threw IPM out the
window” for many other arthropod soybean pests.
Today, even though soybean is one of the most important crops in
both countries and a great diversity of pest management tools is available, soybean growers still are somewhat reluctant to fully adopt soybean IPM. In both Brazil and the USA, IPM adoption is confronted with
similar difficulties, which include the need for a faster and easier pest
sampling procedures and the growers’ fear of significant yield losses
without spraying insecticides. Those difficulties will be further discussed in this forum as an attempt to encourage increased soybean
IPM adoption worldwide to fundamentally improve soybean production by sustainability combining equitable, secure, sufficient, and stable flows of food with environmental preservation.

Soybean IPM Importance for Crop Sustainability and Its Main
Adoption Challenges
Sustainable soybean production aims to neither impose harm to the
environment or biodiversity, nor reduce the quality or economic value
of soybean yield. This is probably the greatest modern challenge of the
new age, considering a global population that will reach almost 10 billion by 2050. Thus, there is increasing demand for food that needs to
be sustainably produced. Among different options to fulfill this huge
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demand for food, soybean plays an important role as one of the major crops worldwide, accounting for more than half of the global demand for oil and vegetable protein (Oerke & Dehne 2004, USDA 2020,
Faostat 2019). Two of the world’s largest soybean producers, the USA
and Brazil, produced approximately 120 and 115 million metric tons,
respectively, during the 2018/2019 crop season (USDA 2020; Conab
2019). However, these levels of production could be increased if damage by insect pests was mitigated (Oerke 2006). Therefore, in an attempt to reduce the negative consequences of pest outbreaks and to
improve profits, soybean growers schedule frequent control of phytophagous arthropods on a calendar basis (Zalucki et al 2009), often taking advantage of herbicide or fungicide sprays by including an
insecticide. This usually leads to an overuse of insecticides without
considering the recommended threshold level (prophylactic control)
(Song & Swinton 2009). However, to maintain the medium- and longterm sustainability of this crop, a better alternative to this overuse of
pesticides is urgently needed. As previously mentioned, soybean IPM
aims not only to rationally use insecticides but also to harmoniously
integrate different pest management strategies (Zalucki et al 2009,
Bueno et al 2011).
Despite the benefits provided by IPM, this philosophy has not been
adopted to the necessary extent (Corrêa-Ferreira et al 2010) during
the last decade in Brazil or in the USA. Instead, insecticide application
has been excessive (Bueno et al 2010), impairing the efficiency of native biological control agents (Carmo et al 2010, Song & Swinton 2009,
Meissle et al 2010). In addition, pest management strategies other
than insecticide application have had negligible adoption. The situation has recently changed somewhat with the adoption of Bt soybean
cultivars; however, the adoption of a single pest management strategy
has only short-term effects. It is therefore crucial to discuss the reasons for not adopting well-developed IPM recommendations with the
combination of multiple pest management strategies. Among various
challenges for soybean IPM adoption, two stand out: (1) the growers’
fear of significant yield loss without spraying insecticides and their
resulting reservations and refusal to fully adopt ETs and (2) the substantial amount of work required for insect monitoring.
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First Challenge for Soybean IPM Adoption: Reservations About ETs
Reservations about the accuracy of recommended soybean ETs are
pointed out by critics as one of the major soybean IPM weaknesses
today (Bueno et al 2013). ETs for the most important pests (defoliators and stink bugs) in soybean were first determined in the 1970s in
both Brazil and the USA. However, soybean cultivars and their production system have undergone dramatic changes since then. One of the
most important changes was the development of new soybean cultivars with improved yields, different growth habits (determinate and
indeterminate), and a lower leaf area index (LAI) (Zanon et al 2015).
Plants with lower LAI could hypothetically be less tolerant to defoliation. However, since the ET is defined as percentage of defoliation
(e.g., 30% defoliation during soybean vegetative stage and 15% defoliation during soybean reproductive stage), plant tolerance to defoliation (%) is not supposed to change since the amount of leaf area
that could be lost is already a relation (%) to plant LAI. In one of the
more recent studies, Batistela et al (2012) proved that newer soybean
cultivars, regardless of growth habit (determinate or indeterminate),
can tolerate the actual ET (30% in the vegetative state or 15% in the
plant reproductive stage) without significant yield reduction.
Similarly, some soybean growers and field consultants claim that
soybean cultivars of indeterminate growth habit would be less tolerant to stink bugs due to the prolonged presence of pods. It in fact does
prolong the period in which stink bugs can cause damage, but there
is no relation to plant tolerance itself (Bueno et al 2013). Bueno et al
(2015) more recently compared the recommended ET (2 stink bugs per
meter) with a reduced ET (0.5 stink bug per meter) and demonstrated
that decreasing the ET increased the number of required insecticide
applications, but did not increase yield, bean quality, or net income
even with some newer soybean cultivars with different growth habits (determinate and indeterminate) and lower leaf area index (LAI).
Other common reservations among soybean growers include the
following:
a) In areas with high rainfall, such as in Mato Grosso State, Brazil,
precipitation exceeds 2000 mm/year (Marcuzzo et al 2011). In
these areas, it is often difficult to wait for an ET to occur before
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initiating pest management because of the risk of extended periods of rainfall impeding the application of insecticides, although it is important to consider that rainfall may negatively
affect insect populations by either physical control, changes in
insect behavior, or by providing a favorable microclimate for
entomopathogenic epizootics. For example, Varella et al (2015)
recorded Spodoptera frugiperda (Smith) egg mortality in maize
caused by rainfall and wind as high as 47%. Similarly, Fuxa and
Richter (1999) studied factors that influence the natural control
of A. gemmatalis by entomopathogens in soybean. They concluded that Metarhizium rileyi (Farlow) depends on rainfall to
trigger high mortality among the caterpillars;
b) EILs and ETs were defined in small plots (research trials), so
they do not reflect field reality. However, such an argument is
not appropriate because soybean defoliation tolerance is not
affected by the size of the cultivated area;
c) The operating capacity of growers practicing IPM is more complex than for those that do not practice IPM and spray on a
schedule because IPM requires spraying on demand as determined by scouting and ETs. Non-IPM growers scale their operational demand (e.g., the number of sprayer machines needed)
by considering herbicide and fungicide sprayings and scheduled
on a calendar basis. Thus, insecticides are sprayed together
with herbicides or fungicides even when pest infestations are
low. The growers’ argument for adopting this strategy is that
a sprayer may take days to spray the whole farm and may be
unable to return to the first, or another field if a pest reaches
the ET. This strategy might appear reasonable, as it reduces the
operational demand for spraying and monitoring. However, it
compromises the optimal timing of the pest control tool (insecticide) as well as encourages a disregard for ETs. Consequently,
it increases the number of insecticide applications that impact
the community of natural enemies, and intensifies the selection for pesticide resistance.
It is important to note that ETs can vary slightly across different
countries; however, there is no agronomic reason to not adopt them
(Panizzi et al 1977b, Panizzi 1980, Batistela et al 2012, Bueno et al
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2013, 2015). Indeed, an analysis of the benefits of long-term ET adoption re-emphasizes the importance of ETs. Long-term analysis can help
to account for common problems such as the evolution of pest resistance to the most frequently used insecticides, the reduction of ecosystem services provided by pollinators, and other nontarget effects
of the overuse of pesticides.
Second Challenge for Soybean IPM Adoption: the Need for Easy and
Fast Sampling Procedures
Correct management decisions require reliable, accurate, and rapid
assessment of the pest population density. If assessments are not carried out with precision and adequate frequency, a significant risk of
mistaken management decisions exists, which could result in unnecessary insecticide application, or omitting application when necessary.
For above-ground soybean pests, two assessment methods are most
frequently used: (a) the drop cloth and (b) the sweep net.
The sweep net is by far the most widely used sampling tool to collect
insects worldwide and has been the most important one for the past
century. Early studies on the efficiency of the sweep net by De Long
(1932) identified several environmental factors (temperature, humidity,
wind speed, sun position, etc.) and plant characteristics (size, density,
etc.) responsible for the great variability observed in sampling results.
This might be in part responsible for the replacement of the sweep net
by the drop cloth, which is more precise, and therefore frequently recommended in soybean today. Despite its efficacy for insecticide application purpose, soybean growers complain about the difficulties of its
use because, among other issues, it requires qualified workers and is
very time-consuming when sampling large areas.
As an attempt to facilitate insect sampling, promising results were
obtained with the use of insect pheromones in baited traps. Several
studies indicate attraction and capture of pests by traps containing
synthetic insect sex pheromone compounds to be successful, particularly for Lepidoptera and Hemiptera species (Borges et al 1998, Pires
et al 2000, Schmidt et al 2003). Although these results are quite promising, there is no simple correlation between the number of insects
collected in the traps and the size of the pest population in the soybean field, limiting its use for ET decision-making.
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It is also possible to optimize the trap monitoring process by using sensors that perform insect counting. However, since the trap
uses sex pheromones, only one species per trap would be monitored.
Therefore, research is needed that develops imaging methods to identify captured species, combining texture, color, and shape parameters
(Wen et al 2015), or by species-specific wing beat pattern (Potamitis et
al 2015, Potamitis & Rigakis 2015). In addition to monitoring moths,
techniques that allow rapid monitoring of other pests such as mites
and whiteflies would be extremely helpful.
Another promising insect sampling method is the use of aerial images (satellite or drone imagery). With cameras becoming more powerful and less expensive, this technology will become helpful for pest
monitoring, as well as reducing time and cost associated with IPM.
According to Nansen et al (2014), plants under abiotic or biotic stress
have spectral behaviors that differ from healthy plants. Aphid-infested
sorghum and soybean plants show reductions in near infrared reflectance (NIR) and normalized difference vegetation index (NDVI) (Alves
et al 2015, Elliot et al 2015). However, research is still needed to make
use of spectral readings for monitor soybean pests because of possible
interactions between biotic and abiotic factors. For example, Board et
al (2007) found a highly significant NDVI alteration in soybean plants
submitted to high levels of defoliation, so work is required to differentiate the different causes of altered spectral readings.
Therefore, although the use of spectral imagery using onboard sensors on unmanned aerial vehicles (UAVs) or mounted on agricultural
equipment (e.g., sprayers) can be a future tool that allows quick and
systematic pest monitoring, further research is necessary concerning
calibration, cause of signal differentiation, and other aerial image adjustments. At present, even with the development of new technologies, the most traditional sampling procedures (e.g., drop cloth, sweep
net) are still necessary to deliver the required precision in insect monitoring and IPM decision-making. Regardless of technology used, high
tech image acquisition, or old fashion sampling techniques, successful IPM is not possible without efficient pest population monitoring.
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Soybean IPM Case Studies
Soybean production in Brazil and the USA varies depending on region,
climate, and other variables. In Brazil, soybean is cultivated in a variety of scenarios from family farming (small areas) to large companies (large areas). Most of the small farms are located in the Southern Region (Paraná, Santa Catarina, and Rio Grande do Sul). Most of
the large areas are located either in the Midwest (Mato Grosso, Mato
Grosso do Sul, Goiás, and the Federal District) or in the Northeast (Maranhão, Tocantins, Piauí, and Bahia) (Conab 2017).
In the USA, soybean farming is overwhelmingly characterized by
family-held individual farms. In 2017, American soybean growers grew
and harvested about 4.39 billion bushels of soybeans on farms across
the USA, 97% of which were family owned (USDA 2020). In this forum, we tried to analyze those different scenarios (small and large
soybean fields) in both Brazil and the USA.
Small Farm Scenario: Results of Six Crop Seasons Adopting IPM in
Parana State, Brazil
The rational use of insecticides can certainly be a part of soybean pest
management and allow for grower profitability, reduce medium- and
long-term pesticide risks to human health and the environment, and
make soybean production overall safer and more sustainable. This is
not only demonstrated through research, but is readily be observed
in commercial fields in Parana State, Brazil, due to the joint IPM work
carried out by the Parana Institute of Technical Assistance and Rural Extension (EMATER) and Embrapa Soja. The results of the first 5
years of the project show savings in insecticides use between 43.2%
(2016/2017 season) and 55.9% (2017/2018 season) in areas using
IPM(Conte et al 2014, 2015, 2016, 2017, and 2018). A comparison
among areas following IPM and areas without IPM(the Parana State
average) is depicted in Table 1.
In the sixth year of the project (2018/2019 crop season), results
were separated for areas cultivated with Bt soybean and non-Bt soybean. A reduction of 48.8% in insecticide use due to the adoption of
soybean IPM in non-Bt soybean areas and a reduction of 53.6% in insecticides in Bt soybean areas were observed (Table 2) (Conte et al
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Table 1 Soybean IPM results (mean). Program carried out since 2013 in Parana State, South Brazil (adapted from
Conte et al 2014, 2015, 2016, 2017, and 2018).
Variable
Comparison
		

Crop season
2013/2014

2014/2015

2015/2016

2016/2017

2017/2018

Number of insecticide
sprayings over the
crop season
Days until first insecticide
spraying

IPM
Non-IPM

2.3 (46 growers)
5.0 (333 growers)

2.1 (106 growers)
4.7 (330 growers)

2.1 (123 growers)
3.8 (314 growers)

2.0 (141 growers)
3.7 (390 growers)

1.5 (196 growers)
3.4 (615 growers)

IPM
Non-IPM

60 days
33 days

66 days
34 days

66.8 days
36 days

70.8 days
40.5 days

78.7 days
43.6 days

Pest control costs
(bags of 60 kg/ha)

IPM
Non-IPM

2.41
5.03

2.00
5.00

2.00
4.00

2.30
4.10

1.41
3.27

Yield (bags of 60 kg/ha)

IPM
Non-IPM

49.23
48.67

60.20
58.60

57.10
54.70

64.50
64.20

61.7
60.4

Program where public consultants (from EMATER-Paraná) sampled pests over the seasons and took all the decisions about pest management
in IPM areas in selected farmers. At the end of the season, the results of IPM areas were compared with other non-IPM areas of Paraná, Brazil.

Table 2 Soybean IPM results (mean), Paraná State, Brazil (adapted from Conte et al 2019).
Variable

Comparison

Crop season 2018/2019

		

Non-Bt

Bt

Average

Number of insecticide sprayings
over the crop season

IPM
Non-IPM

2.1 (113 growers) 1.3 (128 growers) 1.7 (241 growers)
4.1
2.8
3.4 (773 growers)

Days until first insecticide spraying

IPM
Non-IPM

66.2
38.7

80.8
48.7

74.0
40.3

Pest control costs (bags of 60 kg/ha)

IPM
Non-IPM

2.6
5.0

1.6
3.4

2.1
4.1

Yield (bags of 60 kg/ha)

IPM
Non-IPM

50.9
48.3

49.5
51.1

50.1
48.6

2019). This reduction in insecticide use has saved the equivalent value
of 120 kg/ha in this crop season. This was only possible due to the
adoption of ETs, which are the keystones to successful IPM. Soybean
ETs are safe to adopt because the soybean plant is generally very tolerant to different types of insect injury. Results from studies carried
out at Embrapa Soja (ongoing PhD thesis) illustrate this. In those studies, soybean plants, even with 15% of their pods damaged at the R4
stage (by perforation that triggers the loss of one bean per damaged
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Table 3 Soybean plant capacity of tolerating pod and flower injury (ongoing PhD
thesis, unpublished data). Londrina, Parana State, Brazil (adapted from Bueno et al
2018).
Crop season

Injury

Cultivar

kg/ha

2016/2017

15% of injured pods in the R4 stage
BRS 388 RR
Control without injury 		

7588.0
7572.0

2018/2019

100% of flower removal in the R2 stage
BRS 1001 IPRO
Control without injury 		

2940.3
2856.3

pod), or with 100% of the flowers manually removed at full bloom
stage (R2), still had a similar yield as the uninjured control (Table 3)
(Bueno et al 2018).
Overall, the great advantage of IPM is that lower insecticide use is
possible without significant yield loss. Soybean growers that adopted
IPM saved a value equivalent to between 1.8 (2016/2017 season) and
three soybean bags (2014/2015 season) of 60 kg/ha/year over the 6
years of the project. The adoption of soybean IPM reduced the overall
use of insecticides and delayed the first insecticide application. On average, the first insecticide application was performed 33 to 43.6 days
after soybean sowing in the state of Parana (Non-IPM); IPM adopters
only applied insecticides 60 to 78.7 days after sowing (Table 1). Similarly, in the 2018/2019 crop season, growers that did not follow IPM
made the first insecticide application 38.7 and 48.7 days after non-Bt
and Bt soybean were sown, respectively (average for the state of Parana), while the first insecticide application by IPM adopters was performed 66.2 and 80.8 days after sowing of non-Bt and Bt soybean, respectively. This longer period without insecticides in the crop preserves
natural biological control, which helps to prevent pest outbreaks. Moreover, in a balanced agroecosystem, an insecticide or any kind of pest
management action does not need to achieve 100% pest mortality, as
generally desired by most growers. Insecticides only need to reduce
pest populations to a level below economic injury. Indeed, 100% control of a given pest could be undesirable, as it may lead to a decline of
natural enemies due to the unavailability of prey or hosts, among other
economic and environmental reasons (Bueno et al 2013, Dara 2019).
Changing the growers’ expectation of 100% control to one that accepts
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that pest management should simply reduce pest populations to noneconomically damaging levels is one of the most difficult but important challenges to achieve greater adoption and success of soybean IPM.
Large Farm Scenario: Mato Grosso State, Brazil
A public-private partnership between Embrapa and the Mato Grosso
Grain Growers Association (APROSOJA-MT) enabled the installation of
soybean IPM demonstration fields to gain growers’ confidence in pest
management practices (Huis & Meerman 1997). In half of the fields,
IPM was used, while the standard grower management (identify and
spray strategy) was used in the other half. Each half consisted of at
least 50 ha, since growers in Mato Grosso do not believe that smaller
areas represent field reality.
It is important to note that the growers were responsible for sampling their fields because this helped them to better understand pest
fluctuation as well as to verify the capacity of plants to tolerate injuries and replace damaged tissues throughout the season. After areas were harvested, the profitability of the pest management systems (IPM and standard producer management) was compared. In
general, IPM areas produce the same yield as areas with conventional growers’ management, but using approximately 50% less insecticide. The results have been presented in lectures and media
(television, radio, and internet). In addition, meetings were organized where growers had the opportunity to share their IPM experience with other growers, aiming to increase IPM adoption (Cumming & Spiesman 2006).
In Brazil, an area-wide IPM adoption necessarily involves the expansion of training for extension personnel and investment by growers/consultants in hiring field scouts. Hiring a professional is usually considered an increase in production cost, but here this is not the
case. To demonstrate that hiring a scouter is an investment, let us take
the example of a property that grows 1000 ha of soybean. Considering that pest monitoring reduces the cost of insecticides for soybean
fields in Mato Grosso State by at least US$ 20/ha compared to insecticide application based on a schedule, that property saves a total of
US$ 20,000. A field scout usually costs US$ 15,000 per year (salary,
benefits, and taxes), so there is a positive annual balance of US$ 5000
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in just one crop season. The positive balance can be even higher if we
consider that in Brazil, two or even three crops per year are usually
cultivated. Although in our example we used a property of 1000 ha, a
field scout may be responsible for monitoring up to 2500 ha using the
drop cloth for sampling. In addition, the cost of insecticide use may be
higher than US$ 20/ha. Considering all of this, the costs of schedulebased insecticide application will likely be higher than the expenses
required for a field scout.
US Scenario: Mixed IPM Adoption in the Primary US Soybean
Production Region
As noted above, the soybean aphid is by far the most economically
damaging insect pest in the primary US soybean production region.
The soybean aphid, native to eastern Asia, was first detected in 2000
in Wisconsin (Ragsdale et al 2004), a state in the north-central region of the country. The possible widespread economic impact of the
pest was recognized, and the United States Department of Agriculture
Cooperative State Research, Education, and Extension Service (USDA
CSREES) released Critical Issues funding for the formation of a Rapid
Response Multi-state Committee to facilitate a regional pest management effort directed at this insect (Nowierski & Meyer 2008). The
committee, NC- 502 Soybean Aphid: A New Pest of Soybean Production, was formed in September of 2000 and allowed collaborative research and extension teams to immediately initiate soybean aphid biology and ecology research as well as IPM tool development.
A robust seven state multiyear research project determined soybean
aphid economic injury levels and economic thresholds (Ragsdale et al
2007), which were re-validated in 2016 considering changing economic
conditions (e.g., crop price and management costs). The original enumerative sampling plan required whole-plant, aphid/plant counts and
was cumbersome and time-consuming for in-field practitioners (e.g.,
farmers, field scouts, consultants), so a binomial sampling plan was
developed that was much faster (reduced sampling from 1 h to 15 min)
(Hodgson et al 2004, Ragsdale et al 2011) and validated across several
states (Hodgson et al 2007). Both hard copy speed scouting worksheets
and electronic sampling tools (e.g., iPhone and Android apps, SoyPod
DSS) were developed from the binomial sampling plan.
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In addition to these basic IPM tools, numerous studies addressed
biological and ecological factors important for soybean aphid management and have been incorporated into soybean aphid IPM recommendations (Ragsdale et al 2011, Hodgson et al 2012, Koch et al 2016).
For example, the generalist predator, Orius insidiosus (Say), can significantly decrease early season soybean aphid population growth in
some regions (Desneux et al 2006, Brosius et al 2007). Further, a diverse landscape structure in a 1.5 km radius around a soybean field
was found to positively effect soybean aphid biocontrol by natural enemies (Gardiner et al 2009). This information is used to reinforce the
fact that applying insecticides too early or prophylactically can have
negative effects. Information on the importance of natural enemies
have been consistently included in soybean aphid IPM recommendations (e.g., Hodgson et al 2012).
Host plant resistance is another IPM tool for soybean aphid management. Antibiosis, antixenosis, and tolerance have been identified in
several soybean varieties and plant introductions (e.g., Hill et al 2004,
Diaz-Montano et al 2006, Hesler et al 2007, Pierson et al 2010). In
2010, seed companies released soybean aphid resistant soybean varieties (Ragsdale et al 2011). Unfortunately, soybean aphid biotypes have
emerged that can survive on some current commercial soybean varieties with single-gene soybean aphid resistance (Kim et al 2008, Hill
et al 2010). Clearly, a strategy is required to preserve, or at least prolong, the effectiveness of host plant resistance as an IPM tool as new
soybean aphid resistant varieties are released to the farmers.
Region-wide outbreaks of soybean aphid (e.g., in 2005) resulted in
millions of acres being treated with insecticides, up to 57% of the soybean acreage in some states (USDA NASS 2018). From 2000 to 2006,
there was a 130-fold increase in insecticide use on soybean, likely due
to the soybean aphid (Ragsdale et al 2011). Insecticide use on soybean
further increased until 2014 but has since decreased (USGS 2018).
This is in part because soybean aphid outbreaks are less common than
during the 2000s (Bahlai et al 2015), but also because soybean prices
have been low, and farmers respond by being more parsimonious with
expenses. Regardless, it also begs the question “Is soybean aphid IPM
being practiced and is it effective?”
The soybean aphid economic threshold is widely accepted and is
generally believed to be high enough so that natural enemies have a
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chance to hold down, or at least slow down soybean aphid population
growth (Ragsdale et al 2011). As noted above, conservation of natural enemies is promoted, and soybean aphid resistant soybean varieties are being planted. Before the introduction of the soybean aphid,
≤ 2% of the north-central region soybean acres were scouted for arthropod pests, but 10 years later, 77% of the soybean acres were regularly scouted (Song & Swinton 2009). In a series of surveys conducted
in the north-central region between 2004 and 2007, 84–94% of the
farmers reported that field scouting reports were very important to
making soybean aphid management decisions. Over 70% of the farmers indicated that the frequency of soybean aphid insecticide treatment for profitable control depends on aphid counts, weather conditions, and plant growth stage. Over 80% of the farmers said that
soybean aphids could repopulate insecticide treated fields during the
same crop year. Although this is a good example of successful IPM use,
it is at a basic level, targeting one pest and relying simply on using the
basic tools of IPM (Kogan 1998, Peterson et al 2018). Whatever success may be claimed for soybean aphid IPM, it is tempered by concurrent practices that undermine this success and that are antithetical to
IPM in general. These include the widespread use of insecticide seed
treatments and prophylactic early to mid-crop season insecticide use
in tank-mixes with herbicides, most often glyphosate.
The rapid increase in the use of insecticide seed treatments in
soybean began in 2006, rising to about 34 to 44% of soybean acreage by 2011 (Douglas & Tooker 2015). The most common compounds
applied as seed treatments (i.e., seed coatings) are neonicotinoids
(imidacloprid, thiamethoxam, and clothianidin) (Elbert et al 2008).
Current projections indicate that neonicotinoid seed treatment use
in soybean will exceed 50% (Mourtzinis et al 2019). Some studies
have identified region-wide benefits of neonicotinoid seed treatments
(e.g., Hurley & Mitchell 2017), but others find the benefits negligible and variable (e.g., Gaspar et al 2014, Mourtzinis et al 2019). This
seems likely because neonicotinoid seed treatments are only effective
for very early season insect pests, which are of relatively low risk in
any given year or location (Hesler et al 2018, Papiernik et al 2018).
Furthermore, a survey of land-grant university websites across the
north-central region finds a suite of IPM strategies to manage many
of these arthropods.
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Bean leaf beetle, Cerotoma trifurcata (Forster), management serves
as an example of IPM being supplanted by new technology, in this
case, seed treatment. Bean leaf beetle is found across the north-central region, was the major yield limiting pest prior to the soybean
aphid (Steffey 2015), and is the primary reason for neonicotinoid seed
treatment in soybean. However, it is a significant soybean seedling
pest only in early-planted, temporarily isolated soybean fields, and
information on bean leaf beetle IPM tools and strategies (e.g., economic injury levels and thresholds, planting date, trap cropping) are
widely available for early season occurrence on seedling soybean (e.g.,
Hunt et al 1995, Witkowski and Echtenkamp 1996) through late season management of pod feeding (e.g., Smelser & Pedigo 1992, Hesler et al 2018). Bean pod mottle virus (BPMV), a bean leaf beetle vectored disease found primarily in the southern US, began to increase
in incidence in the north central US (Giesler et al 2002), so bean leaf
beetle management became a part of BPMV management in the north
central region (Giesler et al 2002, Buyung et al 2012). Therefore, although bean leaf beetle IPM information and tools exist to manage
this sporadic, albeit widespread pest, pressures of managing the pest
and BPMV coupled with the ease of using an insecticide seed treatment have led to much reduced bean leaf beetle IPM in favor of widespread use of neonicotinoid seed treatments. Currently, bean leaf beetles are seldom observed at economically damaging levels, presumably
because of this widespread use of seed treatments. However, because
most seed treatments used on soybean to date are neonicotinoids (Elbert et al 2008), bean leaf beetle resistance to this class of insecticides is a concern.
The prophylactic use of seed treatments against arthropod pests for
which IPM tools exist is contrary to IPM principles. It has been suggested that widespread neonicotinoid seed treatment may affect early
season colonization of soybean aphid near their major overwintering
locations (Bahlai et al 2015), but is not efficient for typical mid-season soybean aphid management (Krupke et al 2017). However, a robust set of IPM tools does exist for soybean aphid management.
The other relatively common practice antithetical to IPM is insecticide application at the time of herbicide application, often referred
to as an “insurance” application, or an application to “clean-up” the
field. This practice increased in frequency as glyphosate became the
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primary in-season herbicide used on glyphosate resistant soybean and
in recent years is carried out together with mid-season fungicide application. Statistics on the frequency of this practice are not readily
available, but commercial pesticide applicators often offer the addition
of a low-cost insecticide as a “tank-mix” with their regularly scheduled herbicide or fungicide application. Although this practice can be
effective and economical if a specific pest threshold is met, it is typically conducted without prior scouting or formal evaluation of the
field with respect to arthropod pests.
The use of seed treatments, tank-mixing insecticides with herbicides or fungicides, and other “non-IPM” practices can be driven by a
variety of causes. Farmer’s often have an elevated perception of risk
resulting from a past pest outbreak, spurious marketing, and other
factors. A recent concept fostering insecticide application is that any
potential stress (e.g., insects) poses a risk to “plant health” (Sappington 2014, Hurley & Mitchell 2017). “Plant health” is a vague term, but
the idea is to manage inputs to maximize plant health, thereby protecting and/or maximizing yield. Farmers who consider the improvement of plant health to be very important tend to use more insecticide
treated seeds (Hurley & Mitchell 2017). Plant health fits well with a
marketing narrative, and because many farmers receive a significant
portion of their pest management information from seed or chemical
company representatives and agricultural retailers (Sappington 2014,
Hurley & Mitchell 2017), protecting plant health from arthropod pests
is a major cause of their concern.
Implementation of effective IPM can be time-consuming and is complex and knowledge-dependent (e.g., Castle & Naranjo 2009, Sappington 2014, Ehler 2006). Even managing the primary north-central
region soybean arthropod pest, the soybean aphid, can be time-consuming and somewhat daunting to the average farmer, let alone organizing the information necessary to manage several other possible
pests and other farming operations (e.g., fertilization, weed management) within an entire farming enterprise. This can be alleviated to
some extent by employing crop consultants (Sappington 2014), who
are more inclined to scout and use thresholds. However, consultants
are also constrained by time, and many are not independent of agricultural retailers and service providers and therefore often have a conflict of interest (Ehler 2006).
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The introduction of transgenic crops (e.g., herbicide-resistant soybeans, insect-resistant maize), coupled with increasing farm size, further drives growers to look for ways to simplify their operations (e.g.,
Ehler 2006, Green & Owen 2011, Sappington 2014). Although recent
cases of glyphosate resistance and insect resistance to Bt proteins
have complicated both weed and arthropod management in transgenic
crops, over the years, farmers have become used to the relative ease
with which pests were managed in these crops, and have come to expect this for other pest management.
There are other agricultural practicalities specific to soybean that
have become an impediment to the use of certain IPM tools and strategies in the north-central region. In some cases, our IPM recommendations are not suitable to current soybean production practice. Except for one state in the north-central region, about 30 to 90% of the
soybean acreage is planted in rows spaced ≤ 38.1 cm apart (USDA
NASS 2018). Many of our economic and action thresholds are based on
sweep net samples or pest/ft. of row counts obtained via drop cloth.
Soybeans cannot be effectively sampled using these methods during
the mid-late cropping season in fields with narrow rows, particularly
in a well-developed canopy. One of our common recommendations for
managing early season bean leaf beetle is delayed planting. However,
research indicates that delayed planting leads to significant yield reduction for each day of delay past May 1 (17 kg ha−1 day−1 to 43 kg ha−1
day−1) (Bastidas et al 2008). Clearly, if we expect farmers to use our
recommendations, we must continually update them to accommodate
for current farming practicalities.
As noted at the outset of this discussion, another impediment to
IPM adoption is the farmers’ doubts and refusal to fully adopt ETs.
We should acknowledge that there are economic, biological, and agronomic uncertainties associated the EILs and ETs (e.g., fluctuating
crop values, inherent biological variability, variable insecticide efficacy), but also provide the farmer a means to understand and mitigate these uncertainties. One such attempt to incorporate the risk associated with variability was the probabilistic economic injury level
(PEIL) (Peterson & Hunt 2003). For example, Monte Carlo simulation
was used to incorporate uncertainty associated with input variables
used in EIL calculation for bean leaf beetle on seedling soybean. The
resultant PEIL table presented a risk level associated with different
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PEILs. For example, a PEIL of 6.1 beetles/plant has a 5% risk that
the actual EIL would be lower, and a PEIL of 6.6 beetles/plant has a
10% risk that the actual EIL would be lower. The intent was for university extension specialists to convert the PEILs to ETs. A farmer
could then select an ET based on the level of risk with which they
were comfortable.
Why was some level of success achieved with the adoption of soybean aphid IPM tools while the adoption of IPM tools for other arthropod pests is less successful or moderate at best? An important
component to soybean aphid IPM was “stakeholder integration.” That
is, farmers (i.e., stakeholders) were involved in almost all aspects of
soybean aphid IPM development, even from the initial funding of research projects. The North Central Soybean Research Program (NCSRP) and State Soybean Boards funded much of the research and extension projects addressing the soybean aphid. The NCSRP and the
State Soybean Boards are made up of farmers elected by other farmers, and the funds they dispense are “check-off” dollars. For example,
each year in Nebraska 0.5% of the total selling price of the farmer’s
soybean grain goes to the Nebraska Soybean Board (NSB) ( https://
nebraskasoybeans.org ), which is led by nine farmers elected by Nebraskan farmers. The NCB uses half of those funds to support soybean
research, education, and marketing. The other half of the funds go to
the national check-off, the United Soybean Board, which also supports
soybean research and is led by farmers (https://www.unitedsoybean.
org/ ). In addition, the NSB sends funds to the NCSRP (https://www.
ncsrp.com/ ), another farmer led program that funds multi-state university soybean research and extension projects. Thus, farmers directly funded many of the soybean aphid IPM projects and were kept
informed by quarterly/yearly reports. In many cases, they provided
land for research projects, and finally, the farmer led NCSRP and State
Soybean Boards helped promote the resulting IPM products. The more
the farmers are involved, the more they accept and adopt researchbased IPM recommendations.
Although the soybean aphid has been by far the most economically
damaging soybean insect pest in the primary US soybean production region during the last 20 years, the stink bug complex is a growing concern and the most recent target of collaborative IPM tool and
strategy development. Stink bugs have been a common problem in the
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southern and mid-Atlantic regions of the USA, and both invasive and
endemic species are becoming economically damaging pests in the
north central US (Koch et al 2017). Because environmental and agronomic condition in the north central region differs from the south and
mid-Atlantic regions, new or at least modified IPM tools and strategies are needed. As with the soybean aphid, the development of stink
bug on soybean IPM is being done by multi-state, multi-disciplinary
teams supported by the NCSRP and state commodity boards. To date,
this team has generated region-wide information on basic stink bug
community composition and temporal dynamics (Pezzini et al 2019a),
sequential sampling (Pezzini et al 2019b), and stink bug parasitism
(Anderson et al 2020), has begun to develop the resultant extension
materials, and is currently conducting economic EIL research.
If we truly wish to achieve more agroecosystem-based IPM to manage pests and avoid plant stress across the agricultural system (Peterson et al 2018), we must also change our education efforts. Most
IPM education is delivered by discipline, entomology, plant pathology,
and weed science (Ehler 2006, Sappington 2014). How can we expect
farmers to integrate IPM across a farming operation if we continue to
compartmentalize the information we deliver? In the end, implementation of IPM is up to the farmer, so we must develop tools, information platforms, and educational programs best suited for the farmer
or farm manager.

Soybean IPM in the New Era: Biotechnology
Foundation for Sustainable Systems Commercially available in Brazil
since the 2013/2014 crop season, genetically modified soybean technology confers resistance against some important Lepidoptera pests
and has been incorporated as a key tool within soybean IPM. The
combination of the events MON 87701 × MON 89788 expressing the
Cry1Ac insecticide Bt protein against target pests, and the 5-enolpyruvylshikimate-3-phosphate synthase (EPSP) protein of Agrobacterium
sp., which confers tolerance to glyphosate, commercially called Intacta RR2 PRO®, provides protection against damage from major soybean pests. Nearly 24 million hectares were sown with Intacta RR2
PRO® during the 2017/2018 crop season, representing 41% of the
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total soybean acreage in Brazil, Argentina, Paraguay, and Uruguay.
During this period, the total soybean acreage only in Brazil went from
30.17 million hectares to 35.15 million hectares, an increase of 16,5%
(CONAB 2019). In 2013, over 1 million hectares were cultivated using biotechnology (Bt), increasing to over 23 million hectares in 2018,
which is the equivalent to about 63% of the total area and evidence
that Brazilian growers are aware of the benefits of this technology. The
rapid technology adoption is primarily attributed to an average yield
increase of 9.2% since 2013/2014, efficient and simple weed management, and high efficacy against major lepidopteran soybean pests including Chrysodeixis includens: (Walker) A. gemmatalis, and Helicoverpa armigera: (Heliar) (Bernardi et al 2012, Bernardi et al 2014, Yano
et al 2016, Dourado et al 2016).
Among the benefits of Bt soybean, area-wide pest suppression
which benefits Bt as well as non-Bt soybeans stands out. Similar benefits were reported for Bt maize in the USA and Bt cotton in China
and the USA, where consistent reduction of target pest populations
and damage was observed in both Bt and non-Bt crops (Carrière et al
2003, Dively et al 2018, Hutchison et al 2010, Wan et al 2012, Wu et
al 2008, Zhang et al 2018). The reduction in insecticide use provides
an opportunity to promote the benefits of implementing soybean IPM,
taking advantage of the selective activity of Bt toxins, and to maintain
a more favorable environment for beneficial insects, including natural
enemies (Romeis et al 2018). There are many widely accepted benefits
of using Bt crops for insect pest management, including the reduced
use of less effective and/or less environmentally friendly insecticides,
high specificity toward pests, and a more convenient insect pest management strategy (Brookes & Barfoot 2013, 2016). Despite the importance of Brazilian soybean production, there is little research designed
to understand the landscape scale effects of Bt technology on the dynamics of non-target organisms, particularly predators and parasites
that utilize Bt crops.
However, pest management can be more robust by complementing
and including Bt technologies with other management tactics within
the framework of soybean IPM, rather than treating Bt technology
as a stand-alone insect management tactic. In this way, greatest potential to contribute significantly to the establishment of sustainable
crop protection systems could be achieved (Romeis et al 2008). As
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mentioned earlier, Bt soybean technology has high specificity to manage target Lepidoptera species, so still demands regular field monitoring. The thresholds and tactics established during the 1970s should
continue to be used to protect the crop from a range of non-target
species, like Spodoptera spp., stink bugs, and a complex of secondary
pests that can occasionally cause damage and yield loss. Random use
of nonselective insecticides to manage non-target species of Bt soybean could eliminate natural enemies, resulting in pest outbreaks,
economic loss, and loss of environmental benefits associated with Bt
soybean adoption. In addition, when any primary pest is significantly
reduced or eliminated by a technology such as Bt crops, it is possible
that replacement inputs or other ecological factors will result in a pest
shift that may require additional crop protection inputs. If those additional inputs are selective, the overall gains made by growers may still
be very positive and IPM is consolidated (Naranjo & Ellsworth 2009a,
2009b, Ellsworth et al 2017).
The evolution of insect resistance is the main challenge of Bt crop
use. Brazilian growers have already been confronted with field-evolved
resistance of S. frugiperda resulting from high adoption of Bt maize
associated with poor refuge compliance and Bt maize that was not
“high dose,” a requirement of the “high dose” concept. Specifically,
S. frugiperda evolved resistance to the Cry1F protein expressed in
TC1507 maize (Farias et al 2014), and to the Cry1Ab expressed in MON
810 maize (Omoto et al 2016). Planting refuges of non-Bt crops has
been the primary tactic used to delay resistance evolution to Bt crops
(Carrière et al 2016). Intacta RR2 PRO® expresses Cry1Ac to manage C. includens, A. gemmatalis, and H. armigera, which fits within
the “high-dose/refuge” insect resistance management (IRM) strategy
(Bernardi et al 2012, Bernardi et al 2014, Yano et al 2015, Dourado et
al 2016). However, the success of IRM strategies proposed for Intacta
RR2 PRO® soybean continues to be highly dependent on the engagement of Brazilian stakeholders in the soybean production chain to deploy joint strategies and attain effective IRM compliance (e.g., planting of refuge). This new agricultural era using transgenic crops, in
this case Bt soybean, is highly favorable and dependent on IPM adoption to succeed. It is important to emphasize that the adoption of the
refuge area to delay insect resistance will not be sustainable without
high IPM adoption. Refuge areas require IPM because they also need
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to produce the insects susceptible to the Bt technology, which will not
occur if they are managed with an extensive use of insecticides. That
is why today the IPM technology has been revived and gained a favorable reception among growers, consultants, and even pesticide dealers for more sustainable pest management.

Concluding Remarks
Despite the importance and success of soybean IPM which is discussed
in this forum, worldwide adoption of soybean IPM is still not increasing as fast as it should. This is most likely due to a focus on the shortterm benefits of insecticide use, which includes low cost, simplicity of use, and an acceptable solution to the pest problem in soybean
(at least short-term). Given a worldwide shrinking rural population
combined with the increased demand for food, it is easy to understand the temptation for the short-term advantages of pesticide use
and plant-incorporated protectants as inexpensive insurance to maintain soybean production profitability. Indeed, over the past 20 years,
the overwhelming success of adopting prophylactic pest control tactics, transgenic crops (Bt technology), and seed treatments has challenged IPM (Peterson et al 2018). Nevertheless, mechanization is becoming more inexpensive, so more machinery is available for field
work, which reduces the required labor and in turn allows IPM workers to be more productive and IPM successful.
Acceptance and implementation of IPM depends upon the interaction of numerous variables including the growers’ and consumers’
level of education and moral values, economic and social conditions,
regulation, government policies, availability of IPM tools, extension
education, consumer preference, and retail marketing, among other
factors (Dara 2019). To foster IPM adoption in soybean or other crops,
all of the pertinent variables, not just one or a few, need to be addressed, which will result in better outcomes from their combination.
Furthermore, some IPM recommendations may not be practical and
appropriate for all scenarios. Farmers and IPM professionals need to
able to choose the best option(s) for their situation (Dara 2019). Investments in training and technology transfer should be made so technical assistance can reach the field level.
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Public-private partnerships in rural consultancy may be a way to
overcome the lack of technical assistance that reaches the field (Krell
et al 2016). Public or private technical assistance or rural extension
combined with research and education is important for any IPM program to succeed (Nowierski & Meyer 2008). Huffman and Evenson
(2006) in reviewing the literature on the synergistic effects of cooperation between researchers and rural extensionists reported a return of up to 110% of public resources. Also, efficient communication
between researchers, extension professionals, and growers is needed
to intensify information dissemination (Bajwa et al 2003) in such a
way that extension professionals pass on research-generated information to growers and forward the growers’ feedback to researchers. According to Wang et al (2012), the increase in investments in rural extension (greater number of extension professionals) allows the
intensification of benefits promoted by research, such as the reduction of production costs, among other benefits. However, there is a
worldwide trend to reduce public rural extension. For example, Wang
(2014) describes that the US government has been reducing its public investments in rural extension. A similar trend is observed in Brazil, which results in a reduction of knowledge involving the growers’
fear of yield loss due to pests, doubts about ETs, and an overall reluctance toward IPM adoption.
Even in the face of these challenges, the implementation of IPM is
feasible as successful cases are reported worldwide. The success of
the Arizona IPM for Bemisia tabaci (Genn.) in cotton is a shining example of success. This program has reduced the use of insecticides by
70%, providing savings of over US$ 200 million in the first 14 years
(Naranjo and Ellsworth 2009b). Another case of success is the cotton
IPM program in Australia, which radically reduced the amount of insecticide applied per hectare (Wilson et al 2018).
In the state of Parana, Brazil, the lack of public extension professionals in the field has been compensated for by directly training the
growers, who in fact are the on-farm decision makers. The National
Rural Learning Service (SENAR) started to offer IPM training to growers who now are increasingly interested in soybean IPM, which is
speeding up the adoption of this technology. The more deeply growers get involved in the process of decision-making, the more interested
they are in this issue. Providing farmers and IPM professionals with
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training and information about cost-effective IPM tools and strategies,
and thereby making them responsible for the IPM decisions on their
farms, has proven to improve IPM adoption.
Not only should farmers be held responsible for IPM adoption but
also the future of IPM depends upon IPM being embraced by farmers and consumers, as well as policy makers in a “win-win” relationship. Therefore, other measures such as IPM certification would help
to differentiate soybean products on the market. Successful IPM programs worldwide have been associated with differentiated consumer
products (e.g., eco-friendly or green products offered by various giant
retailers), which helps to increase growers’ profits and therefore encourages more growers to adopt IPM technology. In this context, it is
important to understand that IPM is not a principle that strictly and
uniformly applies to every situation, but rather a philosophy, influenced by different factors, that should guide IPM practitioners to use
the most appropriate pest management tool available for each situation (Dara 2019). Only this balanced and adapted IPM recommendations to each farmers’ reality is expected to support sustainable agricultural practices that combines business profitability for the soybean
growers, affordability for consumers, and food security and environmental protection to the growing world population.
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